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The next Linear Collider proposals include plans to
deliver a few hundred fb-1 of integrated lum. per year
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Standard Package:
+ −−−− Collisions

Initially at 500 GeV
Electron Polarization  ≥ 80%

Options:
Energy upgrades to �∼ 1.0 -1.5 TeV
Positron Polarization (~ 40 - 60% ?)
γγγγγγγγ Collisions

−−−− −−−− and −−−−γγγγ Collisions
Giga-Z (precision measurements)
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Elementary interactions at known Ecm
*

eg. e+e− → Z H

Democratic Cross sections
eg. σ (e+e − → ZH)    ∼ 1/2 σ(e+e − → d d) 

Inclusive Trigger
total cross-section

Highly Polarized Electron Beam
~ 80%

Exquisite vertex detection
eg.  Rbeampipe ∼ 1 cm and σ hit ∼ 3 µm

Calorimetry with Jet Energy Flow
σE/E ∼ 30-40%/√E

* beamstrahlung must be dealt with, but it’s manageable
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(SM) Mhiggs < 195 GeV at 95% CL.         
LEP2 limit Mhiggs > 114.1 GeV. 
Tevatron can discover up to 180 GeV

W mass ( ±±±± 33 MeV) 
and top mass ( ±±±± 5 GeV) 
agree with precision measures 
and indicate low SM Higgs mass

� σσσσ
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precision studies of the Higgs boson will be required
to understand Electroweak Symmetry Breaking;
just finding the Higgs is of limited value

We expect the Higgs to be discovered at LHC
(or Tevatron) and the measurement of its 
properties will begin at the LHC

We need to measure the full nature of the Higgs
to understand EWSB

The 500 GeV (and beyond) Linear Collider is the tool
needed to complete these precision studies

References:
TESLA Technical Design Report
Linear Collider Physics Resource Book for Snowmass 2001

(contain references to many studies)
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Electroweak precision measurements suggest 
there should be a relatively light Higgs boson:

Mass Measurement
Total width
Particle couplings

vector bosons
fermions (including top)

Spin-parity-charge conjugation
Self-coupling

?

?
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For MH = 140 GeV,  500 fb-1 @ 500 GeV

Mass Measurement δ � ≈ ≈ �
	

�

Total width δ ΓΗ / ΓΗ ≈
Particle couplings

( √
→

δ Η

� �

Η
� � ≈

δ Η � � Η � � ≈
ττττ++++ττττ−−−− δ Ηττττ ττττ Η ττττ ττττ ≈
WW* δ Η � � � � � ≈
ZZ δ ΗΖΖ

�� � ≈
δ Η � � Η � � ≈

γγγγγγγγ δ Ηγγγγγγγγ Ηγγγγγγγγ ≈
Spin-parity-charge conjugation �� � �

Self-coupling
δλ � � � λ � � � ≈

If Higgs is lighter, precision is often better



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

41

Recall,  σpt = 87 ~ 350 



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

42

�

→l+ l−

�� � � � � ���� � �

� 	



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

43

δ Η

� �

Η

� � ≈
δ Η � � Η � � ≈

ττττ++++ττττ−−−− δ Ηττττ ττττ Η ττττ ττττ ≈
WW* δ Η � � � � � ≈
ZZ δ ΗΖΖ

�� � ≈
δ Η � � Η � � ≈

γγγγγγγγ δ Ηγγγγγγγγ Ηγγγγγγγγ ≈



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

44

→γγ γγ →

� − →
σ ∼ β 

β  

�

θ

� � − → →� � �

−

σ θ 

�

θ

�

θ
σ φ                     

�

φ φ

�

φ

+ − → + −



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

45

Σ �� � �
�

� �
� �

θ �

�� � � � β α

�� � � � β α � � � θ �

� � � � � � α β → � � � β α β α β

�

ττ

�

ττ α β → �

ττ β α β α β

�� � � � � α β → � � � β α β α β
�

β α) → 1 �

�� � �

�� � �

�� � �



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

46

�
�

�
�

�

��� ��� �

� � ��� �� 


� � ��� �

� � ��� �



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

47

� � � � � � � �



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

48

�



Colloquium, UC Riverside, 
J. Brau, October 31, 2002

49

(see Large Extra Dimensions: A New Arena for Particle Physics, Nima Arkani-Hamed,
Savas Dimopoulos, and Georgi Dvali, Physics Today, February, 2002)
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For MH = 140 GeV,  500 fb-1 @ 500 GeV

Mass Measurement δ � ≈ ≈ �
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